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fh©  interest  displayed  recently  in  th©  laeasuremsnts 
of  saturated  steaa  pressures  and  diffusion  coefficients  D  by 
‘•means  of  isotope  exchange  is  not  accidental,  since  this  ex¬ 
change  is  the  only  convenient  method  which  permits  the  de- 
tenainatioa  of  th©  buoyancy  of  the  saturated  vapors  ©f  al¬ 
loys,  where  the  concentration  of  a  component  during  the  ex¬ 
periment  should  remain  constant.  This  method  permits,  at  the 
same  tl!^,  the  determination  of  the  other,  not  less  ia^ortaat 
characteristic  of  the  metal  or  alloy,  its  diffusion  coeffici¬ 
ent,  Thj.e  fact,  nasmly  that  the  sxirface  layer  of  a  specific 
thioteess  participates  directly  in  the  exchan^,  permits  the 
estimation  of  some  .surface  properties  of  the  given  substance 
if  the  appropriate  eguatioas  are  solved,  The  availability  of 
convenient  radioactive  isotopes  of  almost  all  elements  of  the 
periodic  table  makes  this  method  universally  applicable  to 
the  practical  study  of  a^y  substance  in  its 'condensed  state. 
However,  a  broader  implantation  of  the  above  method 
in  the  field  of  practical  scientific  investigation  Is  hin¬ 
dered  by  an  incomplete  \mderstanding  of  its  theory*  The  theo¬ 
retical  data  published  previously  (1-5)  are  insufficient.  The 
author  s  aim  is  to  present  a  full  and  consecutive  solution 
(as  far  as  possible)  of  a  series  of  problems  connected  with 
the  application  of  the  proposed  method  in  th®  region  of  low- 
pressure  saturated  vapor  (less  than  0,1  mm). 

According  to  the  kinetic  theory,  gas  pressures  are 
determined  by  the  number  of  impacts  of  molecules  per  imit  of 
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-vail  area,  per  tinlt  of  time*  A  dynamlo  eqxLlllbriYim  eziste 
beinreea  “fehe  eat'ura'ted  vapor  and  solid  (or  liquid)  phase, 
when  th,®  same  number  of  molecules  evaporate  from  the  surface 
of  a  substance  per  unit  time  as  are  condensed  on  it.  If  the 

coefficient  of  condensation  ®^.ie  1®®®  than  1,  the  apparent 
rate  of  vaporization  a corresponding  to  the 

buoyancy  of  the  saturated  vapor,  is  larger  than  the  true 
evaporation, rate  of  the  given  substance  in  vacuum 
,nQ(em“2Bec"*^).  fhe  two  rates  are  related  by  the  following 
equation: 

n^  «  o<  n  (1) 

fhs  lower  the  coefficient  of  condensation,  the  higher  the 
pressure  of  saturated  vapor,  at  a  given  true  evaporation  rate. 
Condensation  is  defined  as  a  transition  of  molecules 
from  a  gaseous  to  a  solid  (or  liquid)  pMs®,  in  the  course 
of  which  the  condensed  molec\ale  loses  its  ^identity,”  and 
becomes  indistinguishable  from  the  other  surface  molecules 
of  ths  substance.  At  vapor  pressures  lower  than  0,1  usa  it 
may  be  apparently  assumed  that  the  real  ©vaporization  rate 
of  the  substahee  is  independent  of  the  buoyancy  of  the  suj>“ 
ypundiTig  vapor.  In  other  words,  the  cmporlzation  i^te  in 
vacuum  is  the  same  as  that  in  the  presence  of  saturated  vapor 
(6)  /it  less  than  0,1  mm/.  Ihese  postulates  permit  the  us® 
of  isotope  ezoliange  between  the  gaseous  and  oondeased  phases 
of  the  given  substance  for  the  detsmimtion  of  sat^n^at©d 
vapor  pressures  of  solid  and  liquid  substances. 

It  is  assumed  that  the  analysed  substance  is  inert 
to  the  wall  of  the  exchange  vessel  auid  that  the  number  of 
intermolec'olar  collisions  is  small  aa  compared  with  the  number 
of  molecular  impacts  on  the  wall  of  the  vessel,  fhe 
cules  of  the  substance  which  fall  ©n  the  wall  from  th^  gas~ 
ecus  phase  are  reflected  from  it  according  to  Ihudaen  s 
Cosine  Law  and  may  give  part  of  their  energy  to  the  wall  or 
may  rebound  according  to  the  law  of  elastic  spheres.  In  this 
sense,  even  the  surfao©  points  on  which  condensation  does  not 
ooeur  are  passive,  and  their  number  my  be  used  for  the  de~ 
termiaation  of  condensation  coefficients,  A  certain  surface 
layer  ©f  the  substance  (exchange  layer),  consisting  of  one 
or  several  monolayers  (  V  -number  of  layers),  is  subject  to 
a  direct  effect  of  the  exchange.  Shis  monolayer  is  character¬ 
ized  by  the  fact  that  its  isotope  coacentratiqn  gradient  is 
always  zero.  The  thickness  ©  and  density  f  of  the  ex¬ 
change  layer  are  constant  for  each  given  substance  at  a 
given  temperature  and  depend  apparently  on  its  crystalline 
str\3otur®.  Un  the  basis  of  the  above  assumptions,  it  is  not 
too  difficult  to  visualize  a  simple  exchange  mechanism.  If 
several  samples  of  a  given  substance  with  different  amounts 
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of  tlie  radioactive  isotope  are  placed  at  a  certain  distance 
from  each  other  in  a  vacuum  chamber,  the  molecules  escaping 
from  one  sample  with  a  specific  probability  -HL.  ,  which  is 
independent  of  time,  pass  into  the  exchange  layer  of  another 
sample  (absence  of  the  isotope  effects  is  assxjmed).  A  con- 
tinuoias  exchange  of  particles  is  thus  attained,  which 
results  in  the  change  of  isotope  content  in  exchange  l^ers 
or  in  the  fluotmtioa  of  their  specific  activities.  As  a 
result  of  this  change,  the  isotope  concentration  gradients 
at  the  inner  interface  of  exchange  layers  appear.  Their* 
magnitudes  and  signs  are  a  measure  of  the  diffusion  of  the 
isotope  flux  into  the  core  of  the  sample  or  towards  its  sur¬ 
face.  Oonsetuently,  the  process  in  exchange  layers  consists 
of  two  phenomena;  isotope  exchange  in  the  gas  phase  and  dif¬ 
fusion  in  the  condensed  phase  (that  is,  an  exchange  by  a 
different  mechanism  of  diffusion  kinetics),  Sue  to  the  above 
phenomem,  a  gradual  eg,ualiaation  of  the  isotope  content  of 
the  sample  occurs,  which  leads  ultimately  to  a  steady  state. 
She  rate  of  isotope  content  change  will  be  determined  from 
the  change  of  specific  activities  of  the  substance  with  time 
and  will  depend  on  isotope  exchange  rates  and  on  diffusion 
rates.  In  the  final  analysis,  this  rate  will  depend  on  the 
evaporation  rate  condensed-phase  self -diffusion  coeffi¬ 
cient  D,  transfer  pr9bability  and  properties  of  the  ex¬ 
change  layer  {S'  ,  p  ),  If  the  system  consists  of  n  speci¬ 
mens  ©f  different  specific  activities  ^i(t),  ®^2(t)..., 

show  that  in  general; 

(0  ~  fi  C®;  (^)«  ^ P  • 

’  ®n  (0  “  fn  l®n  (®)»  ^ t  Wg,  /?,  8,  p\  Q,\  /  j, 

Where  t  is  time  and  U  is  the  specific  activity  of  the  given 
system  at  the  equilibrium.  The  solution  of  the  above  eqtm- 
tions,  while  chsa^ng  the  activity  of  the  sample  with  time, 
permits  the  measurement  of  saturated  vapor  pressure,  diffu¬ 
sion  coefficient  and  other  terms  contained  in  the  equations. 

Equation  system  (2)  corresponds  to* a  multidirection¬ 
al  exchange.  Depending  on  the  number  of  specimen  which 
undergo  the  exchange,  on®  laay  talk  about  uni-,  bi-  or  multi¬ 
directional  exchange.  At  the  same  time,  equation  system  (2) 
would  consist  of  one,  two  or  several  equations. 

The  relationship  between  the  evaporation  rat®  and  the 
total  number  of  gas— phase  molecules  contained  under  pressure 
in  the  vessel  in  which  the  above  mechanism  applies,  allows 
us  to  assume  that  the  equilibrium  between  the  vapor  and  the 
condensed  phase  is  established  instantaneously,  since  the 
mean  distance  travelled  by  the  molecule  in  one  second  is 


fwaiy  times  XoBger  t|mix  the  linear  dimensions  of  the  vessel 
iTahle  !)•  Therefore,  it  should  he  noted  that  no  notioeahle 
changes  in  the  Suhetance  will  occur  prior  to  the  establish¬ 
ment  of  eq^uilihritim* 


Table  1^ 


Pres¬ 
sure 
Mm  Hg 

l,6oook 

lOO^^K  1 

Rate  of 
Molecu¬ 
lar  Mo-  , 
tion  10*^ 
Cm/Sec 

]Bvapori- 

zatiou 

Bate 

Cm“2aec“’^ 

Vapor 

Den¬ 

sity 

Cm“5 

Rate  of 
Molecu¬ 
lar  Mo¬ 
tion  lO"" 

Eyapori- 

zation 

Hate 

*■  Cm"^sec“^ 

Vapor 

Den¬ 

sity 

Cm-* 

[  u 

000 

1 

4.4 

4.4 

4.4 

L  ,,  . . . 

io« 

10I4 

lOft 

10® 

1.4 

1.4 

1.4 

5.4«10^f 

5.4*10^; 

3. 4*  10-^"^ 

9.6  •loH 

9.6‘lOfl 

9.6*10® 

• 

*  The  table  is  based  on  molecular  weight  M  s  107.9  and 
condensation  coefficient  =  1. 


If  only  one  specimen  is  in  equHibriom  with  its 
saturated  vapor,  the  entire  vapor  is  renewed  instantaneously 
at  pressures  which  are  of  interest  to  us ,  provided  the  con¬ 
taining  vessel  is  not  too  large.  This  fact  may  be  inferred 
from  Table  I.  However,  one  may  select  experimental  conditions 
in  such  a  way  that  the  specific  activity  of  the  vapor  over 
the  speoimen  (region  U  in  Fig.  1) 


Fig,  1.  Derivation  of  Transfer  Coefficients  for  Molecular 

Transfer  from  Different  Type  of  Vessels  Into  Vacuum: 
a,b  -  Effusion  chambers  with  an  orifice  situated 
correspondingly  in  the  plane  of  evaporizer  or  co¬ 
axially  with  it.  1  -  the  chamber's  shell,  2  -  the 
sample,  5  -  vapor-containing  vessel  (specif 19  act- 

^cont  d7 
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ivity  tl)}  V  -  ciwuaber  b  with  aa  orifice  ia  irhida 
•fcke  sample  ia  replaced  with  aa  infinitely  thin 
diapkmgffi^  g  -  cylindrical  tube 

remains  practically  constant,  whereas  the  acti’S'ity  of  the 
specimen  changes  with  time  (4,5 )»  Became  of  this  choice, 
such  a  system  may  have  a  practical  significance. 

Probabilities  of  Transfer;  The  probabilities  ©f 
molecular  transfer  from  one  exchange  layer  into  another  de¬ 
pend  on  the  shape  and  size  of  the  container,  the  spacing  of 
speeimena  ia  relation  to  each  other,  and  on  the  molecular 
condensation  coefficients  in  the  given  layer,  ^ 

¥®  shall  study  a  variant,  in  which  Ihudsea  &  ef- 
fiisioa  chamber  is  placed  In  the  atmosphere  of  saturated  vapor 
of  constant  specific  activity,  on  the  bottom  of  which  chaia>» 
ber  is  placed  a  round,  flat  specimen  of  sxsrface  area,  si.  The 
area^of  cross  section  of  the  chamber  orifice  is  ®g.  The  ori¬ 
fice  a  resistance  33  denoted  by  K  (fig,  1,  a,  b).  The  steady 
rate  with  which  the  gas  flows  from  the  orifice  of  the  cham¬ 
ber  into  the  vacuum  shall  be  detemijaed.  for  this  reason,  we 
shall  follow  the  process  which  leads  to  the  establishment  of 
a  steady  state  of  gas  flow. 

let  us  call  the  probability  ¥1(12)  that  a  molecule, 
which  leaves  the  surface  sxCsg),  aoooraiag  to  the  Cosine  Law, 
falls  always  on  the  surface  82 (si).  On  its  way  the  molecule 
may  collide  several  times  with  the  wall  ©f  the  vessel,  but 
cannot  return  to  th©  surface  of  the  evaporator.  The  probabili¬ 
ties  Wx(W2)  are  integral,  or  evenly  distributed  over  the 
entire  surface  of  the  evaporator,  and  depend  only  on  geometric 
factors.  Sins©  all  molecules  evaporated  from  the  surface  of 
•the  sp@c3^®n  are  eguivalent,  it  is  sufficient  to  measure  the 
increase  of  moleciuar  boabai^ent  density  with  time  on  the 
wall  of  the  vessel,  conditioned  by  only  one  molecule,  Th© 
over-all  effect,  in  such  a  case,  will  be  equal  to  the  sum  of 
the  effects  of  all  molecules, 

Th©  molecule  leaving  surface  s-i  has  two  possibilities 
of  returning  to  it:  (1)  as  a  result  of  a  reflection  from 
th®  wall  of  the  chamber,  and  when  it  misses  the  orifice  with 
a  probability  l-¥x,  and  (2)  as  a  result  of  reflection  from 
th©  wall  of  orifice  so.  Similarly,  a  molecule  crossing  th® 
lower  cut  0  plans  of  the  orifice  la  th®  direction  of  s-*  may 
return  to  S2  after  being  bounced  from  the  wall  of  th©  ohsussber 
(probability  of  return  is  l'-¥2),  or  after  the  reflection 
from  the  surface  Sx  (if  it  does  not  undergo  condeasation). 

One  must  assume  that  the  directional  distribution 
of  molecules  la  the  plane  0,  upon  their  exit  from  th©  ori¬ 
fice,  occurs  in  accordance  with  the  Cosine  law,  otherwise 
the  term  ¥3  must  take  into  account  the  parameters  ia  which 


the  orifice  differs  from  the  flat  evaporator. 

fhe  increase  of  molecular  hombardment  density  may 
be  conveniently  studied  in  separate  consecutive  cycles, 
taking  as  a  basis  the  constant  true  evaporation  rate  in-* 
dependent  of  the  surrounding  presstire.  She  length  of  the 
cycle  is  detexudned  by  the  time  necessary  tor  the  molec'ole 
to  traverse  the  path  from  the  evaporator  to  the  wall  of  the 
vessel  and  ba.ck.  For  one  molecule  the  given  process  is  il¬ 
lustrated  in  fable  2, 
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ihinctiojc^  and  Ba  represent  infinitely  decreasing  series. 
In  the  iateJfval  n  •“  ^x>  the  recurrent  formulae  relating  the 
tv/o  are  trai^formed  into  a  system  of  two  eq^'catlons; 


^  li  4-  d  (i  -  3t)j  (1  —  4-  ‘ 

B  -  {f1  4-  ^  (i  -  <2)1  +  /i(i  -  l^s)}  (1  -  K). 


from  which  by  rearrangement  one  obtains; 


-  K~K(Wt  +  Wi)  +  Wt  . 
~  '  Z  ’ 


If  J  <i  —  K) 


t 


6 


where  Z  =  Ka  +  (1  -  o<««)  +  (1  -  K). 

By  substituting  into  appropriate  expressions  of 
fluxes  for  simplification  the  terms  for  A  and  B,  accojmng 
to  the  equations  (5)  and  (4),  and  multiplyiiag  the  results 
by  UnSi*  the  desired  flux  formulae  are  obtained,  The  ex- 
preMion  for  the  total  flux  from  a  unit  of  surface  si  has 
a  form  (Table  2): 


The  number  of  molecules  impinging  on  a  xmit  of  the  surface 
©2  of  the  orifice  and  coming  from  the  specimen  equals s 


fh 


5|  Wt 

lirx* 


(6) 


Let  us  introduce  the  notation: 


wi  ~  - 


WiK 


(7) 


in  which  represents  the  probability  of  transfer  of 
evaporated  particle  from  specimen  si  into  the  region  u*  The 
steady  rate  of  gas  outflow  from  the  orifice  of  the  effusion 
chamber,  having  the  permeability^  E,  into  the  vacuum  is 

The  reverse  flux  from  the  surface  S2  is  represented 
by  the  expression  (Table  2); 


rhSi 


Wt(l~K) 
Z  “ 


(S) 


The  reverse  flux  towards  the  surface  eqiials: 


K  —  K(Wt^W^\4-W, 


Let  E 
then: 


0  in  equation  (6)  (orifice  of  chamber  is  closed), 


n^iWi 

«LHWt  * 


(10) 


Since  the  exchange  chamber  is  uniformly  filled  with  mole¬ 
cules,  the  foinrard  and  reverse  fluxes  are  equal  in  the  sur- 

* Permeability  is  defined  as  a  probability  of  passage  of 
Ithe  molecules  through  the  orifice  of  the  chamber. 


rduadiag  regl®a  U  and  are  directly  over  the  specimen.  There-* 
fore*  in  the  ease  of  equilibrinm  vapor,  one  may  write: 

;  (ii)  1 


At  the  same  time,  according  to  (1)  from  e^mtioa  (10 )j  one 
finds  that  n£  ®  n,  The  term  a  represents  the  normal  molecul¬ 
ar  hombas^ent  density,  corresponding  to  the  satiirated 
vapor  huoyahoy  of  the  given  substance,  at  a  gives  condensa¬ 
tion  ooefficient.  This  normal  density  will  be  inevitably 
attained  in  the  vessel  if  the  vapor  flow  outwards  is  stop¬ 
ped. 

Let  us  now  find  the  expression  for  the  meleeular 
transfer  from  the  saturated  vapor  region  U  to  the  exchange 
layer  1,  a,  Iiet  us  assiase  that  the  sample  does 

not  evaporate.  Siaa®  part  of  the  molecules  are  reflected 
from  the  sinrface  ^1),  the  surface  is  equivalent  to 

an  orifice  of  area  s^,  over  which  a  net  with  a  number  of 
”©y0s”  is  seemingly  stretched.  The  "eyes"  (cells)  of  the  net 
eorrespemd  to  the  starface  vmits  on  which^condensation  occurs. 
The  reflection  of  molecules  from  the  net  s  knots  follows  the 
Law  of  Oosii^s.  In  such  a  setup  the  gas  enters  the  chafer 
through  an  orifice  and  leaves  it  through  the  net  at  a  con¬ 
stant  imte.  A  measured  pressure  drop  in  the  vessel  will  thtm 
b®  produced*  This  drop  may  be  determined  by  means  analogous 
to  those  used  in  the-previous  measurements.  However,  since 
the  coefficient  K  is  intrinsically  the  same  as  the  coeffi¬ 
cient  of  condensation  (the  only  difference  is  their  numer¬ 
ical  value),  one  may  isfeke  formally  the  same  deductioia®  whicdi 
interest  us»  fro®  the  above  established  equations  for  gas 
flow  fro®  th©  chamber  into  region  IT,  To  obtain  this  result, 
it  is  only  necessary  to  substitute  simultaneously  £  for  , 
for  Wp  and  correspondingly  si  for  sg* 

Since  the  ori^iml  number  of  molecules  traversing 
the  lower  cross  Bectiba  of  the  orifice  in  one  second  Is  equal 
to  nKsp,  the  corresponding  single  effects  should  be  multi¬ 
plied  %  bIs2.  in  such  a  sssn^r,  the  total  flux  per  unit 
area  of  th©  orifice  into  the  chamber  would  be  equal,  accord¬ 
ing  to  (5),  to 

e-tW'sCi  — a)  i 

H  ass  Jtll  «*«**-^««*^  ,  : 


Expression  2,  as  may  be  readily  seen,  does  not  change  in 
case  of  the  above  rearrangement.  Similarly,  the  nimber  of 
ffiolecul-es  impinging  on  the  unit  area  si  of  the  specimen  per 
secoM  is  obtained  from  expression  (6)* 


8 


^  1^  '2 


im 


Let  ws  irntrodtio©  the  notation; 


(!4) 


where  ^  2  ^eepresente  the  probahilit^  of  laoleeular  transfer 
from  the  region  of  satixrated  vapor  U  into  the  exchange 
layer  reduced  to  the  true  evaporation  rate*  fhe  steady 
rate  of  gas  flow  from  region  TJ  through  the  ox’ifice  of  the 
effusion  ohamher  and  further  through  the  net  is  equal  to 

According  to  (8),  the  reverse  flux  from  the  speci~ 
men  bj^  is  found  to  be 


She  number  of  molecules  returning  to  the  orifice  82  equals, 
according  to  (9) 


®  —  «  O^J  +  -f  figl 

If  the  conditions  at  which  one  may  neglect  the  collision 
between  the  molecules  are  fxilfilled,  the  regular  flow  rates 
of  gas  from  the  specimen  s^  towards  the  outside,  and  the 
reverse  flow  from  region  U.  into  the  chamber,  are  established 
independently  of  each  other,  therefore,  upon  the  transfer  of 
the  chamber  from  vacuxun  into  the  atmosphere  of  saturated 
vapor,  the  two  opposed  fltxxes  are  superimposed.  Upon  the  at¬ 
tainment  of  eqtiilibriuffi  their  sxim  is  ©qtisal  to  the  sum  of 
fluxes,  calculated'  separately  for  each  process.  In  ^abl©  3 
are  given  the  expressions  for  pressure  in  the  appropriate 
planes,  for  .the  gas  flow  from  specimen  st  into  vacuum  (I), 
and  from  region  U  through  the  chamber  and  -  the  imaginary  net 
(II)  downwards  p4f  or  upwards  pf  •  Saturated  vapor  pressure 
is  taken  as  a  unit. 
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gable  3 


Plans 

fype 

of 

flux 

p4- 

pt 

warn 

.  WiK 

Aa  +  H^s*  (i-A') 

1 

KaWi 

H 

li 

WiK 

TK,c«(l  --  A) 

. ~Z . . 

I 

Z 

z 

XaWt 

c 

* 

ll 

K%  +  KWi0  -  a} 
'1 

KaWi 

z 

! 

j' 

1 

0 

-  ir  ■ 

,  Aa  W3 

A'aF/u 

-  j- 

d  1 

l« 

1 

l“-~2  • 

from  tbe  table  it  my  be  seen  that  the  em  of  pres- 
swea  I  and,  II  in  the  given  plane  and  in  each  direction 
equals  one*  sine©  at  equilibrinin  in  any  point  of  the  vessel 
the  coaiBon.  pressure  equal  to  the  pres.sur0  of  the  satiarated 
vapor  is  established. 


Pig,  2»  ghe  types  of  erchang©  chambers  for  a  unidirectional 
exchange:  1  -  Shell  of  chamber}  2  -  Specimen, 

3  —  ¥ess©l  filled  tfith  the  saturated  vapor  of  a 
given  substance  with  a  constant  specific  activity. 

It  may  be  also  inferred  from  the  table  that  pressure  drops 
in  each  plane  are  eqml  for  both  fluxes,  ghis  ^equality7 
means  that  the  passage  of  the  substance  from  one  phase  to 
another  follows  the  law  of  mass  conservation  of  these  phases 
Sihis  law  should  be  fulfilled  at  equilibrium  independently 
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of  tile  geometry  of  the  vessel,  therefore,  it  is  sufficient 
to  loaow  only  one  coefficient  of  transfer,  The  other  one  may 
be  found  from  the  equation 

{17)  I 


which  follows  from  the  mass  conservation  law,  Bqmtioa  (1?) 
is  not  valid  if  the  temperatures  of  the  phases  are  differ.- 


If  one  lets  K  •  1  in  equations  (7)  and  (14)#  "^he 
anpronriat©  expressions  for  the  vessels  with  infinitely 
thin  diaphragm  (Fig.  2, a)  or  altogether  without  the  dia¬ 
phragm  (Fig.  2,b)  are  obtained: 


Wt  ,  1 


Wi 


(19) 


If  K  -  ¥■?  *  1  —  the  case  of  direct  contact  of  the  studied 
substance  with  the  vapor  of  constant  specific  activity  U 
(Fig.  2,o)j  then  ^  s  ^^2  »  1, 

By  definition,  the  probability  Wx  may  be  replaced  by 
a  oc^rtaiB  generalissed  probability  F  of  the  impingement  of 
the  moleo'uie  from  an  evaporator  of  any  form  on  som®  arbitrary 
surface*  This  assumption  is  valid  only  if  the  molecule  travel- 
-  ling  to  its  destination  is  incapable  of  retmviing  to  the 
evaporator.  In  such  a  case,  from  (18)  one  obtains  an.  ©xpres- 
sioa  for  the  contribution  of  the  condensation  ooeffiolent  ef¬ 
fect: 

I  i 


where  ?  ®  SL  (1),  The  equation  is  valid  for  vessels  with  one 
or  several  arbitrarily  shaped  or if less. 

Expression  (20)  may  b©  used  specifically  for  the 
determination  of  the  mass  of  gas  leaving  the  cylindrical  tub© 
with  tm.  eva,porating  surface  per  unit  time  (Fig,  l,g).  The 
spsiftiaens  of  such  a  character  are  frequently  employed  for  the 
jBesisux'cment  of  gas  buoyancy  by  Mngmulr  s  Method,  liBing  high- 
freq\\®no7/'  heatii^. 

When  <5<  «  ij,  one  obtains  from  (7) 


P  =  wi(l) 


(21) 


If  on©  now  siibatitutea  the  above  expression  into  equation 
(20),  on®  obtains  the  original  equation.  Expression  (21)  re- 
ipreseats  a  general  formula  for  the  passage  of  the  rarefied 


gas  •fchro\agh  a  two-vessel  system,  une  such  system  is  re¬ 
presented  in  Pig.  l,v.  The  entrance  orifice  sx  of  the  tube 
consists  of  an  infinitely  thin  membrane,  whereas  orifice 
S2  is  represented  by  a  tube  of  length  li. 

One  of  the  corrolaries  evident  from  equation  (21) 
may  now  be  indicated.  Since  no  limitations  on  the  sis©  of 
the  vessels  were  imposed  in  the  derivation  of  equation  (7), 
and  if  on®  assumes  sx  *  “  ®»  one  obtais^  a  smooth 

cylinder  of  length  li  +  Ig  (fig.  l,g)»  The  correctness  of 
the  following  eqxiations  is  then  apparent, 

WsIWfWCIdJ  (^l  “I"  ^It); 

where  W(l)  is  the  Clat^iK®  Coefficient,  In  such  a  case, 
equation  (21)  is  transformed  into 

IF  ih  +  /*) «  ^ 

iiBsuming  lx  »  I2  ®  1»  if®  find 

ira)=«— (22) 

l+fW) 

lg,uation  (22)  assumes  that  the  directional  distribu¬ 
tion  of  the  molectiles  upon  their  exit  from  the  tube  is  sub¬ 
ject  to  the  law  of  cosines.  In  Table  4  the  results  calculated 
by  meaias  of  equation  (22)  are  compared  with  the  tabular 
results  for  several  values  of  length  (radius  of  the  tube  is 
taken  as  a  unit).  As  may  be  seen  from  the  table,  the  smallest 
deviations  ooour  when  the  shortest  and  longest  tubes  are 
\3secl.  Therefore,  one  may  assume  that  in  th©  case  of  short 
and  long  tubes  the  directional  distribution  of  molecules  in 
the  plan.©  ©f:  the  tub©  orifice  is  the  same  as  the  on©  on  the 
euri'ace  of  a  flat  evaporator,  which  distribution  follows  the 
Cosine  law,' 


Table  4 


1 

T3aIcuIa^EM^fom  ^ 
Equation  (22) 

Tabular 

0,i 

0,952 

0.952 

0.5 

0,803 

0,801 

1 

0,677 

0,672 

*,5 

0,5^ 

0,681 

5 

0,328 

0,315 

10 

0,2(^ 

0.197 

The  probabilitiea  i  and  ^2  equations  (7) 
and  (14)  are  real  in  the  case  qt  the  tnldirectional  transfer, 
la  order  to  establish  the  equivalent  equations  for  a  bi¬ 
directional  transfer  in  a  closed  vessel  /fig.  O)/ *  it  is 
sufficient  to  let  k  “  ^  in  equations  (77  and  (I4).  This 
value  is  possible,  since  the  orifice  of  the  chamber,  with 
permeability  K,  is  equivalent  to  a  flat  evaporator  formed 
at  the  interseotion  of  C  by  the  surface  Sg  whose  condensa¬ 
tion  coefficient  equals  K  (restatement  of  an  asstsmptlon 
made  above).  In  such  a  manner  the  probabilities  of  passage 
in  bidirectional  transfer  for  vessels  and  evaporators  of 
arbitrary  shapes  are  expressed  by  the  following  equations; 

_ M',  _  _ _ m] 

*“  a  -f  (■#,■"+  SVj)  ‘  -  a  +  (1  -'«)  '  ^ 

where  the  probability  W2  has  one  well  defined  meaning. 

la  an  analogot^  aaraier  one  can  fiM  the  dependence 
of  molecular  flta  magnitudes  on  condensation  coefficients 
qx  axid  qp  between  discs  1  and  II  with  areas  sq  and  sg  in  a 
vacuum  (Fig.  4).  bet  disc  I  be  an  evaporator  and  disc  II  a 
colleotor.  In  the  absence  of  a  collector  UoSq  molecules/ 
s©06»d  woul.d  pass  from  the  evaporator  Into  vacuum.  If  one  now 
introdtieed  a  disc  collector  at  the  evaporator,  an  equilib¬ 
rium  will  be  attained  in  the  aystea  at  some  time,  in  such  a 
system  the  total  number  of  molecules  leaving  the  stsrfaoe  I 
would  be  larger  than  from  the  original  one,  since  a  fraction 
,  of  th©  molecules  will  reflect  from  th©  collector  and  may  re— 

•  turn  again  to  the  evaporator.  The  flux  gcowth  for  one  mole¬ 
cule  is  represented  in  Table  5. 


Table  5 


Cycle 

Over-all  Molecular  Flux,  l/Ses 

Prom  Bvaporator 

To  Uol 
lector 

1 

“  From  Col- 
i  lector 

■  To  Evaporator  1 

.  i 

^  1 

%  *  «  1 

/t  1 

1 

, 

• 

AiPtii~q^) 

A^Pi(i-qt) 

■ 

.. 

AtPiH  -  qi)  P% 

AtPi  (1  -  qt)  Pt 

A^Pdi  -  9i)  Pt 

■  1  .  j 

i 

AiPi 
AtPi 
#  *  •  • 
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Where  P-j  Is  an  integral  (evenly  distributed  on  the 
diso)  probabili^  of  a  strai^t  impingement  of  molecules  I 
on  disc  II j  Whereas  P2  ^  ®  similar  probability  for  the  col- 

leotor» 

At  a  *  j  the  reoiirrent  formula  is  tranaf onaed 
into  an  equation  with  one  unknown.  Its  solution  is  of  the 
following  type:  =  1/1  -  PiPgCl  -  qi)  (1  *“  ^)*  Therefore, 

the  ppobablliiy  of  the  transfer  of  molecules  from  evaporator 
to  the  collector  is  equal  to: 


~  _ 


(24) 


Fig,  3*  The  types  of  specimen  positioning  in  bidirectional 
©.•schange  la  a  closed  vessel.  I  -  Shell  of  Exchange 
Chamber;  I  -  Speoimen-doaorj  II  -  Spseimen-aoceptor. 

Fig,  4,  Bidirectional  exchange  in  a  vaccm:  I  ~  Diso  with 
an  area  II  -  Coaxial  disc  with  an  area  02# 

for  the  reverse  transfer  one  gets; 


-  _ - 

—  1  Pj  pj  (1  ■-  gi)  (1  -  q^i  • 


Interaction  of  Ixchaxige  layers.  Assuming  that  the  sub¬ 
stance  has  the  same  specific  activity,  ,  in  corsdensed  and 
ill  gaseous  plmees,  let  ua  define  <x  as  a  ratio  of  the  number 
of  active  ffioiecules  to  the  total  number  of  molecules  in  the 
given  phase.  Aecording  to  this  definition,  one  obtains: 


N'  »o 
AfjV  "■  np  • 


where  are  the  total  number  of  molecules  and  the 

guiaber  of  active  molecules  per  unit  of  the  exchange  layer 


area,  correspondingly  i  n*,  n  are  the  mambers  of  active  mole¬ 
cules,  correspondingly  impinging  on  the  unit  of  surface  area 
truly  evaporating  from  the  unit  surface  area  per  unit 
time}  U  is  the  constant  specific  activity, 

from  now  on,  indices  1  and  2  will  describe,  cor¬ 
respondingly,  specimen  I  and  II  in  bidirectional  exchange, 
let  us  determine  the  change  with  time  of  the  number 
of  active  molecules  in  the  exchange  layer,  in  the  case  of 
unidirectional  exchange  (Fig,  l,a,b  and  2).  According  to 
(7)  and  (26),  the  exchange  layer  looses  n^si^Oi'^dt  active 
molecules  in  time  dt,  at  the  same  time  gaining  noSi^^lUdt 
active  molecules  from  the  region  U  (Phase  Conservation  law). 
Consequently,  per  unit  area  of  the  exchange  layer,  the  fol¬ 
lowing  eqtiation  is  valid; 

(iiV*  =»  %  %  {U  —  *)  di.  (27) 

She  diffusional  flux  inwards  into  the  specimen  did 
not  enter  into  our  considerations  in  this  given  ease. 

Considering  the  specific  activities,  a  differential 
equation  is  obtained  from  (27)  according  to  (26); 

which  can  be  solved  at  conditions  «  U,  o<(0)  » 

(u),  to  give  the  following  expression 

a  =«  t'  +  (*  (0)  — 17)  e~  ^  ^  (2S> 

Ih©  ©xTioaential  multiplier  ^  is  defined  as  the  transfer 
coefficient.  In  this  ease,  it  is  identical  with  the  traimfer 
probability  and  may  be  calculated  from  eqmtion  (7), 

Two  significant  cases  may  be  inferred  here: 

1)  y  =  0,  'X  (0)^0,  in  which  case  the  analysed  substance 
is  a  donor  with  an  original  specific  activity  o(  (0)} 

2)  U’1^0,  o^(0)  =0,  in  which  case  the  analysed  substance  is 
an  acceptor  with  an  original  specific  activity  equal  to  zero. 
The  solution  of  (28)  is  real  for  any  siiape  of  the  exchange 
chamber  at  an  appropriate  value  of  the  transfer  coefficient. 

In  the  case  of  bidirectional  exchange  in  a  closed 
vessel  of  ar^r  shape,  the  change  of  the  number  of  active  mole¬ 
cules  in  layers  I  and  II  (Fig,  3)  in  time  dt  may  be  re¬ 
presented  by  the  following  relationships  according  to  (23), 
(17)  and  (26)  (per  unit  surface  area); 

dNl  =-  (as  — ai)  dt,  dN\  ^  («!  —  a.)  dt. 
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i.coorai»g  to  (26),  a  system  of  simultaneoias,  simple  dif¬ 
ferential  ®g,mtions  ma^  be  obtained  from  (29): 


aPst 

di 


rfa*  nofoj 

IT  ==  a7v.^*‘ 


—  it®). 


(30) 


Multiplying  (30)  correspondingly  by  St  and  S2»  one  may  prove 
that  s^^  «  -S2d<K2.  From  which  it  follows  that 

^tSi  -}-  «,i'2  —  const. 


Assuming 

«i  (0)  ^ (0),  «2  (0)  :=  as  (0),  a^  (oo)  a*  (oo)  =*  U,  ) 

one  finds  that  U  (s^^  +  S2)  ®  *=^1  (o)si  +  ^2  (0)^2  “ 
Gonseotiently, 

gi  (t)  Hj  -j-  dt  (:)  __  fj^  (32) 

•^1  +  ^2 

In  other  words,  the  average  magnitVM2,e  of  specific  activity 
of  the  saturated  vapor  in  the  chamber  is  independent  of  time 
and  is  equal  to  the  activity  of  the  given  system  at  steady- 

state  conditions#  .  .. 

She  solution  of  the  system  of  eqmtiona  (30)  at  the 

co3aditions  of  (31)  leads  to: 

(f)  “  +  (*{  (0)  —  1/ )cxp  —  ^ 

where  the  transfer  coefficient  is  determined  from  (23),  ac¬ 
cording  to  the  formula  XL  (^)  —  ^3^  +  ^2*  from  (2U) 

whei*0  P  *  Wi  +  W2}  i  »  1,2.  j__.  j,  XI 

In  such  a  way  the  criaraoter  of  the  equation  for  the 
interaction  cf  exchange  layers  doss  not  change  upon  the 
switch  from  uni-  to  bidirectional  exchange.  ,  .,.,x 

One  may  arrive  at  the  expression  for  the  probaoillty 
(23)  by  studying  the  interaction  of  exchange  layers  with  the 
vapors  above  them.  The  change  of  activity  per  unit  surface 
area  of  the  specimen  leay  be  expressed  in  such  a  case  by  the 
following  equation 

dNl  =  «,{*  -  ai)  df,  dNl  -  ~  X2)dt\  (29') 


where  -  ^2  *  0<*and  C!<o  "^apor  activities  over 
the  donor  and  acceptor. 


fhe  quantities  <X*  and  o<°  are  related  by  equa~ 

tions: 

nSid  —  ~f“  (n  —  W0)  -f- {WgSjStj (ii  —  n0)sj**|  — 

rt^ja®  =  -f  («  —  ng)  SiW ta* -j-  iKg^gOSa  -f  (n  — 


With  the  aid  of  relationships  (1)  and  (11),  the 
solutions  of  the^aboT®  equations  are  obtained,  fheir  sub¬ 
stitution  in  (29')  leads  to  (29)  and  consequently  to  (23). 

If  the  thickness  of  the  exchange  layers  mries  (the  ease 
of  liquids),  relationship  (29)  still  holds,  and  hence  my 
be  used  for  the  calculation  of  the  change  in  the  number  of 
radioactive  atoms  in  layers  Vn  and  in  dt.  Switching 

to  the  spe^fic  aetiTrities  according  to  (26)  and  introducing 
thickness  0  s  WsV/n,  one  obtains  a  system  of  simultaneous 
equations  from  (29)i 


dt 


(a. 


%)t  £ 


%^n 


where  n  is  the  number  of  molecule®  per  unit  volume  of  the 
condensed  phase,  fhe  solution  of  the  above  system  of  equa¬ 
tions  at  conditions  of  (31)  yields: 

,.(i)=,t;  +  (".{0)-C0eip[-|(^  +  |)<].  .  (34) 

She  expression  for  the  steady-state  specific  activ¬ 
ity  is  obtained  by  a  method  analogous  to  the  one  employed 
for  (32) 

JJ  (f)  -f-  flt®  |l) 

~  -j-  S*^“S 

For  coaxially  spaoed  specimens  in  vacuum  Fig.  (4), 
on©  may  generally  write 

SidN]  "  |n2Sa®!i«a  —  (i  ?*)  %)  “li 

s^NI  =  {uiSitOiCti  —  (1  — 'P^{^  ~~  §i)  Wi)  «s! 

where  ni  and  n2^are  the  evmporisation  rates  of  discs  I  and 
II  (see  Table  4), 

If  Vj  and  V2  are  considered  constant,  the  fol¬ 
lowing  system  of  eqiiatlons  is  obtained; 

^liil  =  —  Sb’i  (1  —  ‘‘>2^1  (i  —  ^2))  ®il»  (35) 

—  WgSl  (1  —  W!^^2  (i  ”  9i))  «»)• 


Let  us  limit  ourseltres  to  tw  cases:  1)  the  temper-* 
ature  of  the  acceptor  is  low  (112  «  0);  2)  the  temperattures 
of  the  di^os  of  the  same  sxirface  area  are  identical.  If 
112  ®  0,  one  obtains  from  (35)5 


where 


(0  =  Ka  (0)  —  K  («!  (/)  — ati  (0)), 


tisCu^: 


(t)  ^  (0)  e  ,  K 


/ 


SS"| 

If  t  is  small  and  Oi  2(0)  "  0 »  then  0^  2 ®  * 

s  2*  2 

which  means  that  the  initial  activity  of  th®  acceptor  is  in¬ 
dependent  of  the  thickness  of  the  exchange  layer  of  the 

donor*  1  1  >vi 

If  m  *  n2  ®  no  and  si  «  S2  ~  s,  when  ^i  »  V2  -  V, 
q^l  »  02  =  g,  Sind  Pi  “  P2  “  P»  fo^  the  initial  conditions 

S8  iXi(o)  -  solution  of  (35)  is  of  the  fol¬ 

lowing  form 


where 


«  ««(^)  g”  (—i)  i+i 

■ 2  * 

i-P  _  1  +  P  ._<,  0 

r:::rF<!rri| '  «  jXTiriD  ’ 


~ms. 

e 


•»» 

A'^y 


She  probabilities  of  transfer  (2u)  or  (23)  are  the 
exchange  reaction  rate  constants. 

At  ¥t  Wp  <  1,  ^  (23).  fhis  relation 

means  that  with  the  Increase  of  the  condensation  coefficient 
the  probability  of  transfer  and*  consequently, • the  exchange 
rat®  decrease®  She  explanation  for  this  apparently  paradox- 
icsal  ooncltaslon  is  that  as  of  increases  the  buoyancy  of  the 
eatirrated  vapor  decreases.  Consequently,  the  ntimber  of  col¬ 
lisions  of  tbs  molecules  with  the  surface  of  another  specimen 
decreases.  .Shis  fact  has  a  stronger  effect  on  the  result  at 
given  vessel  geoaietry  than  a  simple  iacreabe  of  the  condensa¬ 
tion  coefficient* 

A  condition  at  which  does  not  have  any  effect 
on  the  rate  of  exchange,  immely  when  Wi  4-  W2  *  1,  follows 
from  the  above  explanation. 

The  derivation  of  the  probability  (¥1  and  ¥2)  equa¬ 
tions  and  of  Pi  and  P2  will  be  published  in  the  future. 
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Conclusions 


Squatioas  were  presented  for  the  probabilities  of 
transfer  of  the  molecules  from  one  specimen  to  another,  in 
a  closed  Teasel  or  in  a  racuum,  as  a  function  of  the  geo~ 
metry  of  the  system  and  of  the  condensation  coefficients. 
It  has  been  shown  that  under  certain  geometric  conditions 
the  rate  of  isotope  erchang©  through  the  gaseous  phase  is 
iniependent  of  the  condensation  coefficient, 
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